ABSTRACT Proboscis amputation has facilitated the study of mosquito behavior. Using humans as a host is very important in the study of mosquito attractants, repellents, and host preference. However, mosquito bites cause potential medical problems because of hypersensitivity and perhaps secondary bacterial infection, even using laboratory mosquitoes. Moreover, once a normal female mosquito bites and feeds on human blood, it cannot be used in subsequent probing tests. These problems were resolved by proboscis amputation. Variation of attraction among humans was examined effectively without bites using proboscis-amputated Aedes albopictus Skuse. Proboscisamputated and normal mosquitoes also showed equal repellency against 1% L-lactic acid. Although the mosquitoes lacked the tip of the labium and some sensilla, they alighted on human forearms in the same way as normal mosquitoes. Because proboscis-amputated mosquitoes continued to probe avidly, they could be used repeatedly, thereby reducing the number of mosquitoes required for experimentation. The use of proboscis-amputated mosquitoes would promote various studies of mosquito attraction or repellency with no risk of hypersensitivity and secondary bacterial infection by mosquito bites.
MOSQUITO ATTRACTANTS HAVE been well studied, and several olfactometers, chambers, and ßight tunnels have been described (Daykin and Kellogg 1965; Khan et al. 1965 Khan et al. , 1966 Khan et al. , 1967 Schreck et al. 1967; Mayer and James 1969; Omer 1979; Posey and Schreck 1981) . We have had difÞculty using several of those methods, because Aedes albopictus Skuse did not respond as expected. Mosquito attraction to human subjects differs among individuals because of differences in chemical substances present on human skin and in sweat. We have released mosquitoes Ae. albopictus into a small cage such as described by Khan et al. (1965) , and tried to evaluate attraction by measuring probing time (PT 50 ); the mosquitoes frequently remained at rest in the chamber and such experiments often failed.
Research on host attraction frequently uses human subjects who may experience discomfort caused by probing and biting and who are at risk for acquiring skin diseases and hypersensitivity (Tokura et al. 1990 , Natsuaki et al. 1991 . Normal mosquitoes with an intact proboscis alight once on a host, feed on blood, then ßy away without returning to the host. Therefore, tests with many different mosquito specimens are necessary, especially when differences in attractiveness are slight. In such cases, many mosquito bites would cause discomfort to the volunteers. To avoid such problems, we have designed a safe and useful method, using human subjects, for studying mosquito attraction, repellency, and host preference, which we describe in the current article.
Materials and Methods
Mosquitoes. Four colonies of Ae. albopictus are maintained in our laboratory at 24 Ϯ 1ЊC, 60 Ð70% RH, and a photoperiod of 14:10 (L:D) h. Collection sites of the four colonies were Ogaki in Gifu Prefecture, Ako in Hyogo Prefecture, Tsurumi Ryokuchi in Osaka Prefecture, and Ishigaki in Okinawa Prefecture, Japan. We used 2Ð 6 generations of these mosquitoes after collection. We had found previously that unfed female Ae. albopictus 20 Ð30 d old bite more avidly than females 3Ð5 d old, so the old females were used throughout.
Proboscis Amputation. Unfed female mosquitoes were immobilized by cold in a refrigerated room (4 Ϯ 1ЊC), and the distal 1 mm of the proboscis was amputated with a knife. Mosquitoes then were transferred to the test chamber for recovery at 24 Ϯ 1ЊC. Females were able to ßy actively and take sugar solution but were unable to bite human skin.
Test Chamber. An aquarium case (600 by 295 by 360 mm; NS-6M, NISSO, Tokyo, Japan) was used as the test chamber. A piece of cardboard (200 mm long) was attached to the center of the open side, and two 80-mesh nylon gauze sleeves were attached to each side of the cardboard. Thirty-Þve proboscis-ampu-tated mosquitoes and a plastic cup containing 3% sugar solution were introduced into the chamber.
Probing Test. Four volunteersÑV1ÐV4 (three males 61, 23, and 20 yr old, and a 22-yr-old female)Ñ were chosen as test hosts, and a 30-yr-old man was established as a control. The hands and forearms of human subjects were inserted through the sleeve into the test chamber with the backside of the hand up, keeping a small space between the palm and the bottom surface (Fig. 1) . Mosquitoes alighted on the inserted hands and forearms and attempted to bite, but they were unable to feed on blood. The number of mosquitoes that alighted on the hands and forearms was counted every 30 s. Attractiveness was calculated by the total number of landings during a 10-min exposure. The hand and forearm of the control host were inserted through the left sleeve of the chamber containing mosquitoes, and the hand and forearm of a second subject were inserted through the right sleeve. The index of attractiveness for each pair was repeated three times. The percentage of total landings on each subject was transformed to arcsine and was compared using analysis of variance procedures (Scheffé test, StatView 1998).
Comparison of Probing Behavior Between Proboscis-Amputated and Normal Mosquitoes. High concentrations of L-lactic acid act as mosquito repellents, as previously reported by Smith et al. (1970) . We examined differences in probing behavior between amputated and normal mosquitoes using a 1% L-lactic acid treatment. The hands and forearms of a human subject were treated with 70% ethanol and washed with ßow-ing water. The right forearm was dipped into 1% Llactic acid solution and at the same time the left forearm was dipped into distilled water as a control for 30 s. Both forearms then were dried rapidly with a hair drier, inserted into a test chamber containing 35 amputated mosquitoes, then into a second chamber containing 35 normal mosquitoes. The index of attractiveness for amputated mosquitoes was the total number of landings on forearms for 10 min (counted every 30 s). For normal mosquitoes this index was determined as the number of bites over the total exposure time of 10 min. The percentage repellency of L-lactic acid was calculated as 100 ϫ (number on control Ϫ number on L-lactic acid)/(number on control). This experiment was analyzed statistically using the Student t-test (StatView 1998).
Results
Variation Among Human Subjects. The landing response of mosquitoes varied among the four human subjects (Scheffé test; F ϭ 14.97; df ϭ 3, 8; P ϭ 0.0012, Table 1 ). Volunteer 1 (V1) was 3.1 times as attractive as the control subject and was the most attractive among four subjects, followed by V2, V3, and V4. The percentage of alighting on V1 was signiÞcantly greater than on V3 and V4 (P Ͻ 0.05). These results indicated that amputated mosquitoes were able to detect human variation in attractiveness.
Comparison Between Amputated and Normal Mosquitoes. The amputated mosquitoes repeatedly landed and probed because they were not able to feed on the host, whereas normal mosquitoes probed and fed on blood. Both types of mosquitoes (six replicates of 35 mosquitoes each group) were attracted to the host, but were equally repelled by 1% L-lactic acid ( Table  2 ). The percentage repellency did not differ signiÞ-cantly by the Student t-test (t ϭ 1.26, df ϭ 5, P ϭ 0.26) between amputated and normal mosquitoes in six replicated experiments.
Discussion
A simple method to test mosquito attractiveness, repellency, and host preference was developed to avoid discomfort for hosts being probed and bitten by mosquitoes. Ae. albopictus was selected for this experiment because Stegomyia mosquitoes such as Ae. al- Fig. 1 . Test chamber for mosquito repellent testing using female Aedes mosquitoes. Forearms are inserted into the test chamber containing amputated mosquitoes. a, cup of 3% sugar solution; b, sleeve made of nylon gauze; c, aquarium case. bopictus alight readily on the host shortly after exposure. In a comparison between amputated and normal mosquitoes, we conÞrmed that both were attracted equally to different hosts and repelled by 1% L-lactic acid. These results indicated that proboscis amputation did not impede avidity or repellency. Our method also was used to compare attraction among different human subjects. It generally is accepted that humans vary in attractiveness. To compare variation among humans, several volunteers should be used; however, most people are unwilling to volunteer because of irritation from mosquito bites and the risk of skin disease. Using proboscis-amputated mosquitoes, which could not bite, we easily recruited volunteers for our study. Mosquitoes have sensilla on the tips of their proboscis that recognize arrival on the host (Lee and Craig 1983). In the current experiment, those sensilla were removed; therefore, the number of landings was greater and included multiple landings by the same insect. Our new method, in which mosquitoes do not feed on the host, allowed many replications with the same insects, thereby increasing the statistical reliability of our experiments. Using amputated mosquitoes, various tests such as mosquito attraction, repellency, and host preference can be accomplished with fewer mosquitoes and without mosquito bites, skin diseases, and hypersensitivity. Proboscis amputation will promote research using mosquitoes and possibly other blood-sucking insects.
